We report differential UBV photometry of five variable chromospherically active single stars carried out from 1983 through 1987. About 1000 individual measures are used to determine their photometric behavior, a result presumably of spot activity. All observations were made with a fully automatic telescope.
I. INTRODUCTION
This is the second in a series of papers dealing with photometric variability in chromospherically active (CA) stars. In the first paper , hereafter Paper I) we presented differential UBV photometry of 18 stars which turned out to be constant in light. Three rapidly rotating single stars were found to show no detectable light variations (81 \¡/ 3 Psc, 31 Com, and 37 Com). We now report differential UBV photometry of five single CA stars (HR 454, HR 1362, HD 82558, HD 218153, and HR 9024) which show light variations presumably due to spot activity on their surface. Recently, Kholopov et al (1987) assigned new variable star designations for HR 454, HR 1362, HD 82558, and HR 9024.
II. OBSERVATIONS
The observations reported here were acquired with the 25 cm automatic photoelectric telescope (APT) originally operated in Phoenix, Arizona, and since late 1986 at its new site atop Mount Hopkins, south of Tucson, Arizona (see, e.g., Genet 1986) . The telescope and its microcomputer software have been described in detail by Boyd, Genet, and Hall (1984) .
Because of the small amphtudes of the light variations seen in most of our program stars, the internal standard errors are of great concern. From our study in Paper I of three presumably constant pairs of stars, we found that the mean internal standard deviations are ±0.005, ±0.005, and ±0.009 mag, respectively, in F, 2?, and U. From Paper I we also found that the mean external standard deviations of a "nightly mean" of a program star measured relative to a local comparison star are ±0.0115, ±0.0145, and ±0.0234 mag, respectively, in F, 2?, and U.
As is discussed in more detail in Paper I, several problems were encountered during the acquisition of the observations. A summary of these problems and their influence on the present data is given in Table 1. Table 2 lists the number of nightly means and the amount of shifts which have been applied to parts of the data because of problems C and D.
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The treatment of those two problems in the case of a variable star was a rather time-consuming task for both the astronomer and the CPU. Fortunately not all stars were affected by these two problems, as is apparent from Table 2. The following approach was used to find the correct additive constant. First, we plotted all light curves against Julian date with an exaggerated scale and measured the additive offset by hand. These values, one for problem C and one for problem D in each bandpass, were then added to the affected data portions. Second, we fitted a sine curve to the data and examined the O -C residuals at the particular places in the light curve where affected and nonaffected data are connected. This procedure was then repeated until satisfactory randomness of the residuals was obtained. For most of our stars only one correction was necessary. Nightly means affected by problems A, B, and E were simply not included in our analysis. The uncorrected original data will be published in tabular form in a separate paper (Boyd et al. 1988 ).
in. RESULTS Our principal results are summarized in Table 3 . The photometric periods fisted are the results of a periodogram analysis program which fits a sine curve to the data and computes the sum of the squares of the O -C residuals. The best period is normally found from the sine curve fit with the smallest O -C residuals. The error bars given, computed by chi-square analysis, do not necessarily indicate the errors of the real period, but they do represent the precision of our period-finding technique. The times of fight minimum are derived from a normal Fourier analysis allowing only for cos 0 and cos 20 terms. Figures 1-5 show the differential F fight curves plotted against Julian date. Seasonal phase plots are given for all stars . For HR 1362 it is not absolutely clear which period is the correct one; therefore, we plot the data once with a 155 day period (Fig. 7, upper panel) and once with a 310 day period (lower panel). The individual stars are discussed below. a) HR 454 = HD 9746 = OP And Fekel, Moffett, and Henry (1986) confirmed the constant radial velocity apparent from the values fisted in Abt and Biggs (1972) Ca il H and K emission (Bidelman 1983a). Barksdale et al. (1984) discovered the light variability of HR 454, which showed at that time a total amplitude of about 0.09 mag in V. They also found a secular brightening at a rate of approximately 0.045 mag/100 days in their 107 nights of V observations in 1983-1984. Our UBV photometry covers four consecutive observing seasons from through 1987 . As is apparent from our periodogram analysis and from the phase plot in Figure 6 , the light curve changed from a double sine wave in 1983-1984 to a single sine wave in 1984-1985 and, maybe, back to a double-humped shape (one very shallow minimum and one very deep minimum) in [1985] [1986] . Figure 6 shows the same data as Figure 1 , but plotted against phase using the ephemeris found from our Fourier analysis (and listed in Table 3 ). Each light curve is a combination of all data for one observing season. A periodogram analysis for the separate seasons revealed three different photometric periods (Table 3) , namely, 36.8, 66.4, and 76.0 days, respectively, for the 1983-1984, 1984-1985, and 1985-1986 seasons. It seems obvious that the shorter period was caused by two major spots or spot groups, whereas the 76.0 day period was very likely caused by only one huge spot. The intermediate period is certainly a result of the asymmetric shape of the light curve due to the change from a double-humped to a single-humped wave. If this interpretation is correct, then the rotation period for HR 454 is 76.0 + 1.3 days. Using the value i;sinz = 8 km s -1 given by Fekel, Moffett, and Henry (1986) , this rotation period transforms into a minimum radius of 12 R ö , which is consistent with the giant classification by Bidelman (1983a) .
It is very interesting to note that there is indeed a secular trend in the seasonal mean light level (see Fig. 1 ), which implies long-term spot variability in addition to the rotational modulations. The system became brighter by about 0.04 mag from the 1983-1984 to the 1984-1985 season, remained constant at that level for two seasons, and finally dimmed by about the same amount in 1986-1987. Our time coverage of HR 454 is still too small to say whether this behavior could be interpreted as a spot cycle analogous to the 11 year sunspot cycle. More observations are certainly desirable.
b) HR 1362 = HD 27536 = EKEri
This star, a G8 subgiant, shows relatively weak H and K emission for a chromospherically active star (Fekel, Moffett, and Henry 1986) . An IUE ultraviolet spectrum shows also very weak chromospheric and transition-region emission lines (Fekel, Moffett, and Henry 1986 1983-1984 or 1984 1984-1985 or 1985 1985-1986 or 1986 1986-1987 The photometric variability was noted first by Lake (1964) . Boyd et al. (1985) obtained UBV photometry on 121 nights in 1983-1984 and found a photometric period of 154 days and a total amplitude of 0.10 mag in V. UBV (RI) C observations made between 1978 December and 1982 January at Sutherland, South Africa, have been reported by Lloyd-Evans and Koen (1987) . They found a period of 160 days and an amplitude of 0.13 mag in V.
Our differential UBV photometry was made between 1983 and 1987, covering four consecutive observing seasons (Fig.  2) . A periodogram analysis resulted in two about equally good Fourier fits at periods of 154.8 + 0.7 and 309.6 + 1.5 days, the 1983-1984; middle panel: 1984-1985; bottom panel: 1985-1986 ). The phases are computed with the seasonal photometric periods and times of minimum light found from our analysis and listed in Table 3 . [1983] [1984] [1985] [1986] [1987] plotted with the 155 day period (upperpanel) and the 310 day period (lowerpanel). As discussed in the text, with our data we cannot clearly decide which one is the correct rotation period. Despite that, it is currently the longest known period for a chromospherically active star. 1984-1985; bottom panel: 1985-1986 ). The larger scatter in the 1985-1986 plot is mostly due to amplitude changes of the order of approximately 0.05 mag in V. Again, we have used the ephemeris in Table 3 to convert Julian dates to phase. latter exactly twice the former. From our photometry alone we cannot decide whether the 155 or the 310 day period is the correct one. Nevertheless, we plotted our whole data set against phase (Fig. 7) , once with the 155 day period (Fig. 7 , upper panel) and once with the 310 day period {lower panel). A phase plot, based on the shorter period, provided by Lloyd-Evans and Koen (1987) from their photometry shows their points separated into two "bands." This suggests different heights of maxima and therefore allows the possibility that the rotation period is actually twice the photometric period, as is sometimes the case for stars with two major spots or spot groups. Adding the earlier data presented in Boyd et al. (1985) for the 1983-1984 season (i.e., from JD 2445650 through JD 2445700) to our data in Figure 2 similarly revealed different depths at the JD 2445700 and JD 2446000 minima but, because these minima are separated by two multiples of the 155 day period, this cannot be used to discriminate between 155 and 310 days. Visual inspection of our phase plots in Figure 7 shows the light curve to be smoother if plotted with the 310 day period and, moreover, because in our periodogram the 310 day period has somewhat lower O -C residuals than a fit with a 155 day period, we tend to favor the longer period, contrary to what was assumed by Lloyd-Evans and Koen and by Boyd et al., and have entered this period in Table 3 . No matter which rotation period is the correct one, it is currently the longest known for a chromospherically active star.
c) HD 82558 = LQ Hya
The Ca H H and K emission in HD 82558 is quite strong for a single star, about as strong as that seen in II Peg (Fekel, Moffett, and Henry 1986) . Fekel et al. (1986) report a very strong Li I line at 6707 À, indicating that HD 82558 is a very young star, with an age < 7.5 X10 7 yr. Their radial velocity measures show a range of only 2.1 km s -1 ; from that they concluded that HD 82558 is a single star with a constant radial velocity.
Our UBV photometry covered only the one observing season in [1984] [1985] . A periodogram analysis gave the best fit at a period of 1.5978 + 0.0018 days. The mean amplitude was 0.06 mag in V. Our V data are plotted against Julian date in Figure 3 and against phase in (top panel: 1983-1984; middle panel: 1984-1985; bottom panel: 1985-1986) . Note that the scatter in the 1985-1986 light curve is mostly a result of amplitude variations. Compare with the corresponding part in the AV vs. JD plot in Fig. 5 .
Earlier UBV photometry was obtained by Eggen (1984) in 1984 January and by Fekel et al. (1986) during the interval 1982 November to 1984 March. Fekel et al. found a photometric period of 1.6603 days, about 4% longer than our period. Unfortunately, they gave no error bars for their value, so we cannot be certain whether the difference in periods represents a real physical change. With their period and with v sin i = 25±2 km s _1 (Fekel, Moffett, and Henry 1986) , they found a minimum radius of 0.82 + 0.07 Rq. Allen (1973) lists a radius of 0.78 Rq for a KO V star, so they concluded that the inclination lies in the range 70 o -90° for HD 82558. Our photometric period, however, would translate into a minimum radius of 0.79 + 0.06 Rq, entirely consistent with the expected 0.78 Rq for a K0 dwarf listed in Allen (1973) . Thus, the inclination must be very near 90°. Visual examination of our phase plot in Figure 8 shows a systematic dimming of about 0.05 mag around phase 0.9 which mimics an eclipse. This actually must be an accidental alignment of points because, with the constant radial velocity and the near-90° inclination, HD 82558 cannot be a binary star.
d) HD 218153
Bidelman (19836) noted the presence of strong Ca n H and K emission lines in this G8 II star. Heard (1956) found a constant velocity of -80.5 km s" 1 , which has been confirmed by Fekel, Moffett, and Henry (1986) .
Our differential UBV photometry covered nearly three observing seasons from 1984-1985 through 1986 . As is apparent from Figure 4 (see, e.g., the interval JD 2446286 to JD 2446400), the amplitude is quite variable and changed from approximately 0.02 to 0.07 mag within -70 days. Those amplitude variations can be also seen as additional scatter in the 1985-1986 phase plot (Fig. 9 , lower panel) compared to the foregoing season (Fig. 9, upper panel) . A periodogram analysis for the 1984-1985 and the 1985-1986 seasons gave the best fits at periods of 22.9 + 0.4 and 21.4 + 0.2 days, respectively (Table 3) . The mean fight level remained constant. Assuming that the photometric period is the rotation period and using the measured rotation velocity of v sin i = 24 + 2 km s -1 (Fekel, Moffett, and Henry 1986) , we derive a minimum radius of 10.5 + 2.5 AEq. If the MK class II luminosity classification of Heard (1956) is correct, then the implied very small inclination would make it difficult to explain the rather large photometric variability. A "giant" classification and i -60° would be much more satisfactory. We suggest that a redetermination of the luminosity classification be obtained for this very unusual high-velocity star. e) HR 9024 = HD 223460 = OU And Fekel, Moffett, and Henry (1986) fisted radial velocities between -1.1 and -2.4 km s -1 ; thus the star is remarkably constant in radial velocity. Cowley and Bidelman (1979) classified HR 9024 as a Gl III star with moderate Ca n H and K emission. Bopp (1984) confirmed the H and K emission and noted that the absolute emission-line fluxes are quite high, comparable to those observed in FK Com. The v sin i measure of Fekel, Moffett, and Henry (1986) (20 + 2 km s -1 ), however, is not consistent with the y sin/-100 km s _1 normally seen in the FK Comae stars (Bopp 1983) . Bopp (1984 and references therein) suggests that HR 9024 may be seen pole-on with /<10°. Our photometric amplitude of AK = 0.065 mag with a period of over 20 days makes the pole-on suggestion, however, very unlikely. Therefore, we do not believe that HR 9024 belongs to the FK Comae class of very rapidly rotating single CA stars.
The differential UBV photometry presented in this paper was made between 1983 and 1986, covering three consecutive observing seasons (Fig. 5) . Figure 10 shows our seasonal data plotted against phase using the ephemeris in Table 3 . The discovery of the light variability of HR 9024 can be attributed to Hopkins et al. (1985) , who found a total range of variability of 0.02 mag in F in 1982 and 1983 and about twice that in 1984. Dramatic amphtude variations like this are seen in many well-known binaries of RS CVn type and in other CA variables. Examples are HR 7275 (Seeds and Nations 1986) and other variables in our forthcoming Paper III. Treating each observing season as a separate data set, we found photometric periods of 23.8 + 0.5, 22.3 + 0.3, and 22.6 + 0.1 days, respectively, for the 1983-1984, 1984-1985, and 1985-1986 seasons. Hopkins et al. had derived photometric periods from similar separate sets of their data, finding values ranging between 22.4 + 0.5 and 24.6 + 0.4 days for the seasons 1982-1983 through 1983-1984 . Our data for the [1985] [1986] season show a full amphtude of 0.06 mag (Table 3) , three times the amphtude observed by Hopkins in 1982. Visual inspection of our light curves in Figure 9 clearly indicates these seasonal amphtude variations, presumably due to spot activities.
